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INTRODUCTION
Since the real exchange rate is a key relative price which affects the economy through many channels, the effect of real exchange rate changes on economic growth is one of the most important issues of the recent policy debate. According to the traditional Mundell-Fleming model, depreciation of the real exchange rate is expansionary via its effects on trade balance assuming that the Marshall-Lerner conditions are satisfied. Dornbusch (1980) is one of the main advocators of this view. 1 On the other side, real devaluations can have contractionary effects on real economy especially in developing countries. Diaz-Alejandro (1963) , Krugman and Taylor (1978) , Edwards (1986) and Winjbergen (1986) are among the first that give theoretical support to contractionary devaluation mechanism. Inflationary effects of an increase in real exchange rate, income distribution effects, real income effects and negative supply side effects such as increased cost of imported inputs are the main channels emphasized by contractionary devaluation hypothesis. Despite the supply side channels affect output unambiguously negatively, the demand side effects can be negative or positive under different macroeconomic conditions. 2 Since the net effect of a depreciation is not clear theoretically, the empirical evidence on the effects of real exchange rate on economic performance gains importance.
The empirical evidence provided by the earliest studies is generally mixed. Some of those studies such as Cooper (1971) and Edwards (1986) analyzed the effects of devaluation episodes in different countries. Some of them estimated reduced form output equations for a single country or for a pooled sample of countries or constructed VAR models in order to examine the effects of real exchange rate shocks (Edwards, 1986; Agenor, 1991; Morley, 1992; Kamin and Klau, 1997; Kamin and Rogers, 2000; Ahmet et al., 2001) . Possibly the earliest paper that study the issue from an empirical perspective is Cooper (1971) which shows that the contractionary effects of devaluation tend to be significant but they have only short-run effects. Consistent with this result, Edwards (1986) showed that devaluations generate a small contractionary effect on output in the first year. However, this negative effect is completely reversed by the second year. Therefore, in his analysis, devaluations are neutral in the long run. Morley (1992) , again showed that devaluations reduce output, but it takes at least 2 years to have the full effect in his analysis. According to Kamin and Klau (1997) , regardless of the short run effects of devaluation, there appears to be no contractionary effect in the long run. On the other hand, their results fail to confirm the conventional or textbook view that devaluations are expansionary in the long run. Similarly, based on the results of several VAR models, Kamin and Rogers (2000) concluded that real devaluation has led to high inflation and economic contraction in Mexico.
After the wave of financial crises in Latin America (Mexico in 1994 -1995 and Argentina in 2001 -2002 ) and East Asia (1997 -1998 , this literature came into prominence stressing a different problem this time. This new branch of the contractionary devaluation hypothesis emphasized mostly the financial channel of contractionary devaluation hypothesis in the light of the financial dollarization process taking place in a number of emerging economies over the last decades. These studies generally stress the mismatch between foreign currency denominated debt and domestic currency denominated revenues which is referred as Balance Sheet (BS) effect. If a considerable amount of agents' borrowing is dominated in foreign currency, the depreciation of the real exchange rate reduces the net worth of agents by weakening their balance sheets and this leads to difficulties in the repayment of debt burden and reduction in investment and output. This balance sheet effect is pointed out as the main mechanism that explains the recessions followed many of the 1990s devaluations (Frankel, 2005; Aghion et al., 2001; Calvo et al., 2004; Krugman, 1999) . However, some authors argued that contractionary balance sheet effect is more likely to dominate standard competitiveness effect under certain economic conditions. Cespedes et al. (2002) , utilizing from a IS-LM-BP model, showed that negative BS effects dominate competitiveness effect when financial markets are less developed, the ratio of total debt to net worth is high and the share of foreign debt in total debt is high. Using different dollarization measures, for a panel data sample of 57 countries, Bebczuk et al. (2006) showed that when dollarization exceeds a level, contractionary effect of devaluation can dominate the expansionary effect which is the case for most of the developing countries. Galindo et al. (2006) provided similar results as Bebczuk et al. (2006) by concentrating on industrial employment data. 3 Recently, successful experiences of China and other East Asian countries strengthen the view that maintaining an undervalued or competitive real exchange rate foster economic growth. Especially with the wake of global financial crisis, China's weak currency policy lead academics and policy makers to question the merits of export-led growth strategies. Although there is a great uncertainty about the advanced countries' capacity to continue absorbing developing countries' exports, according to the supporters of this view, tradable sector is the main driver of the economy in which the technology transfer and the learning by doing externalities are relatively rapid. Rodrik (2008) is one of the main advocators of this view. According to Rodrik (2008) , by increasing the profitability of the tradable sector which suffers disproportionately from the institutional weaknesses and market failures, undervaluation of the real exchange rate facilitates economic growth in developing countries. Some other studies also provided empirical evidence on expansionary devaluation by justifying different channels. Using the same Balassa-Samuelson adjusted index of undervaluation as Rodrik (2008) , Gala (2008) suggested again a positive effect of undervaluation on growth arguing that the channels through which exchange rate levels affect long term growth can be related to investment and technological change. Levy-Yeyati and Sturzenegger (2007) examined the evolution of the exchange rate regimes in recent years and pointed out that there is a tendency to intervene to depreciate local currency which they called as "fear of appreciation". Showing that these interventions managed to preserve a depreciated real exchange rate, they provided empirical evidence that this fear of appreciation leads to higher output and productivity growth which is not only restricted to short term cyclical changes but also leads to higher long term GDP growth. They also argued that this positive effect of fear of appreciation comes from increased domestic savings and investment rather than export-led expansions or import substitution. This saving channel was believed as contractionary by Diaz-Alejandro (1963) due to the negative effect on consumers and decline in domestic demand. Levy-Yeyati and Sturzenegger (2007) stressed the financial constraint that firms with foreign currency liabilities are faced in case of a devaluation and combining this modern view with Diaz Alejandro (1963)'s story, they claimed that real devaluations should be expansionary. Real devaluations relax the barrowing constraints binding firms by the means of saving channel in this modern view. Gluzmann et al. (2011) is the other study which suggests that real depreciations are expansionary by the channel of savings and investment rather than foreign trade dynamics. However, according to Montiel and Serven (2008) , international experience does not provide support for a growth strategy based on the increased saving rate by the help of depreciated real exchange rate. Therefore, despite some authors support the conventional expansionary effects of depreciation, there is not convincing empirical evidence on the channels of this effect-tradable sector and saving channels-yet.
Except these advocators, some authors are more skeptical to the undervalued real exchange rate. For example, Eichengreen (2008) warns about keeping real exchange rate low in that it have costs as well as benefits especially when the economy is sticked with the policy for too long. He emphasizes that a stable and competitive real exchange rate should be thought as a facilitating condition for economic growth and the timing of the exiting the strategy is very important. There is the risk that the cheap currency policy can weaken the efforts for upgrading and productivity growth while increasing the dependence of growth on expansion on foreign markets (Akyüz, 2009 ).
Despite the bulk of studies on the effect of the changes in real exchange rate on growth, they can significantly differ in the results they reach so the issue of whether depreciation of the real exchange rate is detrimental or beneficial for the economy has not solved yet. With the recent global crisis, it has discussed by policy makers intensively in the context of exchange rate wars and global imbalances. In this study, we aim to investigate the effects of real exchange rate on economic growth mainly addressing some econometric and empirical issues. Using a wide panel data set of countries, we estimate the long run relationship between real exchange rate and real GDP per capita income by differentiating the effects for developed and developing countries. To this end, we apply not only the conventional panel data estimators but also Pesaran (2006) 's Common Correlated Effects (CCE) methodology which controls the effects of common global shocks.
LONG RUN RELATIONSHIP BETWEEN REAL EXCHANGE RATES AND REAL GDP PER CAPITA

Data and The Model
We use the following conventional growth model which is a panel data version of Barro (1991) :
where y is the real GDP per capita, RER is the real exchange rate, X is a set of control variables, µi is the unobserved country-specific effects, ε is the error term. The subscripts i and t represent the country and time period, respectively. The lagged per capita income, yi,t-1, is used as the conditional convergence term in standard growth equations. The control variables other than the initial income per capita are government consumption (GOV), trade openness (TRADE) and financial depth (LIQ) as the macroeconomic policy variables and fixed investment (INV). These are the standard control variables used in empirical growth models. 4 All variables except financial development are from World Bank, World Development Indicators (WDI) Database. The real effective exchange rate, our main variable of interest, is from Bank of International Settlements (BIS) for the countries whose data are not available in WDI. The ratio of liquid liabilities to the GDP is used as the measure of financial development. The data on liquid liabilities are obtained from Beck, Demirgüç-Kunt and Levine (2000) . All variables are expressed in natural logarithms and all control variables are defined as ratio to the GDP. The list of variables and their sources are given in Table A1 in Appendix.
Our main variable of interest as explaining economic growth, real exchange rate, has a central importance in our study. As the measure of real exchange rate, we use real effective exchange rates which is the weighted average of bilateral real exchange rates with its trading partners. Since the real effective exchange rate express the national currency in terms of other currencies, an increase in the real effective exchange rate reflects appreciation and a decrease in real effective exchange rate reflects depreciation. We prefer to use multilateral real exchange rates instead of bilateral real exchange rates since they can move in different, and even opposite directions after the collapse of Bretton Woods system. 5 The use of bilateral indexes can result in misleading and incorrect inferences regarding the evolution of a country's degree of competitiveness (Edwards, 1989) . Therefore, it is necessary to use a multilateral index of real exchange rate especially when evaluating policy related situations.
Our sample consists of an unbalanced panel of 80 countries over the period 1960 -2009. These are the countries which we have the data for real effective exchange rates. The sample is composed of 23 industrial and 57 developing countries. We tried to hold the dataset as large as we can, but we had to exclude the countries with the poorest data.
The growth equation above can be rewritten as a dynamic panel data model as in Islam (1995) ,
There are some econometric issues that we need to deal with when we estimate this regression equation. The first empirical issue to consider is the time series properties of the variables in the equation which is often neglected by the growth literature. Before proceeding to the estimation we need to investigate the integration properties of the variables. If the variables are difference stationary, we should apply panel cointegration techniques in which we estimate the long run relationship among the variables. The other issue that we need to consider is the potential cross sectional dependence. There can be common shocks that affect all countries which will cause cross-section correlation between the regression error terms. Ignoring this cross section dependence can lead to inconsistence estimates (Phillips and Sul, 2003; Coakley, Fuertes and Smith, 2006; Pesaran, 2006) . To the best of our knowledge, there is not any other study on the real exchange rate and growth relationship to deal with this important problem. The last issue is the dynamic nature of the regression equation and the possible endogeneity of the real exchange rate and the other control variables. One can use the GMM procedure which provides a consistent estimator for dynamic panel data models with potential endogenous explanatory variables. This is the most common method used in previous empirical studies which investigates the effect of real exchange rate on economic growth (see Rodrik, 2008; Aguirre and Calderon, 2005; Di Nino et al., 2011; Gala, 2008; Macdonald and Vieira, 2010; Galiani et al., 2003 among others) . Consequently, we also consider the GMM estimation method in estimating our growth equation in this paper. Besides its convenience in dealing with the endogeneity and the reverse causation problem, it will also allow us to make comparison with the previous studies' results.
In the light of these econometric issues, first, we estimate the long run relationship between the real exchange rate and the real GDP per capita by setting up the panel cointegration equation due to the time series properties of the data. 6 Secondly, by using Pesaran (2006)'s Common Correlated Effects methodology, we also deal with the cross sectional dependence issue which is ignored by previous studies. Lastly, we employ GMM methodology to our context in order to check for the robustness of our results for endogeneity issues.
Unit Root and Cointegration Tests
As the above discussion implies, the first step in the analysis is to examine the time series properties of the data. In Table 1 , Levin, Lin and Chu (2002) , Maddala and Wu (1999) , Im, Pesaran and Shin (2003) panel unit root tests are performed. LLC, MW-ADF and IPS are in the class of first generation panel unit root tests which assume cross sectional independence. The difference between LLC and IPS is that the alternative null hypothesis in the former is the stationarity of all series while it is the stationarity of a fraction of series in the latter. MW agrees on the heterogeneity of the alternative null hypothesis as IPS, but MW panel unit root test uses aggregated p-values from individual time series unit roots whereas IPS test uses averaged test statistics across individual panels. In order to account for the potential crosscountry dependence in the data, we also employ CIPS test of by Pesaran (2007) which removes the cross section dependence by augmenting the ADF regression with the crosssection averages of lagged levels and first-differences of the individual series. Table 2 reports the results of Pesaran (2007)'s panel unit root test. We report these results for lag orders 0, 1, 2, and 3. All unit root tests are conducted for both levels and first differences of the variables. The results of the first generation tests on the levels of the variables are generally mixed. But for the first differences of the variables, all three tests reject the null hypothesis of unit root at the 5% significance level. According to the CIPS test statistics for different lag orders, the null hypothesis of unit root cannot be rejected for the levels of the variables except for a few lags. However, the first differences of the variables are stationary for all lags. 
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Concluding that the variables are integrated of order one, the next step is to test for the existence of a cointegration relationship among the variables. To this end, we use the standard panel cointegration test of Pedroni (1999) . The results of panel cointegration test of Pedroni (1999) are reported in Table 3 . The first four of the statistics given in Table 3 . represents the within dimension panel cointegration statistics and the last three represents the between dimension panel cointegration statistics. All of the seven statistics reject the null hypothesis of no cointegration. The evidence of cointegration is also confirmed by the significance of the error correction term in error correction models estimated in subsequent parts. 
Empirical Results
Based on the evidence of cointegration among the variables, we construct the long run relationship by estimating the level equation, Equation 2, which is nothing more than a reparametrization of Equation 1. While Equation 2 consists lagged level of GDP per capita, yit-1, as the standard conditional convergence term in growth literature, we exclude it from the cointegration equation since by definition such a lagged variable cannot be included in static cointegration regression. 7 Secondary schooling is also excluded since it is not available annually. A linear time trend is also included in the long run equation.
We first estimate the long run equation for real GDP per capita with fixed effects methodology by splitting our sample into developing and industrial countries. Since the contractionary devaluation hypothesis mainly focused on developing countries in which balance sheet effects can be large, it will be more appropriate to examine the effects of the changes in real exchange rate for developed and developing countries separately. There is not a common conclusion for both developed and developing countries that is agreed upon. For developing countries, while some authors showed that the standard Mundell-Fleming result may hold even in the presence of balance sheet effects, some others suggest that depreciations can be contractionary if the balance sheet effects are large enough. Table 4 shows the fixed effects estimation results of long run equations for three different samples, whole sample, developing countries and industrial countries. The coefficients of the real effective exchange rate are 0.225 and 0.221 and highly statistically significant for whole sample and developing countries sample, respectively. Since the increases of real effective exchange rate demonstrate appreciations, these coefficients imply that the appreciation of the real effective exchange rate increases real GDP per capita. In other words, real depreciations are found to be contractionary for whole countries and developing countries sample. This result is in line with the suggestions of the authors like Frankel (2005) , Calvo and Reinhart (2001) , Bebzcuk et al. (2006) which stress the balance sheet effect that exist in most of the developing countries. The third column of Table 4 shows the estimation results for the industrial countries. The coefficient of the real effective exchange rate is 0.053 but not statistically significant. Theoretical and empirical literature mostly argue that the traditional expansionary effects of a real depreciation continue to hold for industrial countries. Unlike developing economies, they can continue to utilize from the competitiveness effect of devaluation since they do not generally face with problems of foreign currency denominated debt. Our results does not support expansionary devaluation hypothesis for industrial countries. According to our estimations, real exchange rate is not a significant determinant of economic growth for industrial countries in the long run. Regarding the control variables, in whole countries and developing countries sample, all control variables except for government consumption are positive and statistically significant as expected. Trade openness, financial development and investment affect real GDP per capita positively as theory predicts. Insignificance of government consumption in the long run is also consistent with economic theory. In industrial countries sample, investment is the only significant variable. Notes: Robust standard errors in parentheses. *significant at 10%; ** significant at 5%, *** significant at 1%. LLC and MW denotes the Levin, Lin and Chu (1994) and Maddala and Wu (1999) The LLC and MW reported at the bottom of the table are the panel unit root test statistics for the residuals of the regressions estimated. They confirm the cointegration relationship among the variables since they all reject the null hypothesis of unit root in the residuals.
Cross Section Dependence
In recent years panel data econometrics has emphasized the unobserved time-varying heterogeneity induced by unobserved common shocks which affects all individual units differently. These unobserved common factors cause cross sectional correlation or dependence across the errors of the regression. This cross sectional correlation is especially important for macroeconomics in which cross-country studies are widely used. One major source of this cross sectional dependence in cross-country data is global shocks, e. g. oil price shocks and international financial crises. (Bai and Kao, 2005) Except for global shocks, spatial spillover effects and increased financial and trade linkages among the countries cause dependence across countries. The ignorance of this cross section dependence may lead to inconsistent parameter estimates if unobserved common factors are correlated with explanatory variables (Phillips and Sul, 2003; Coakley, Fuertes and Smith, 2006; Pesaran, 2006) .
The SUR-GLS approach to dealing with cross section dependence for small N large T panels does not work when N is of the same magnitude or greater than T since the estimated contemporaneous variance-covariance matrix cannot be inverted. In the panel time-series where both N and T are large, the usual approaches have been either to ignore the possibility of cross-section dependence produced by time-specific heterogeneity or deal with it by including period dummies or fixed effects. But this assumes that the global shocks have identical effects on each unit which seems quite restrictive. In recent years, factor models have been largely used to characterize the cross sectional dependence (Bai and Ng, 2002; Coakley et al., 2002; Phillips and Sul, 2003; Moon and Perron, 2004; Bai and Kao, 2005; Breitung, 2005; Pesaran, 2006) . In these models, the disturbances are assumed to contain one or more unobserved factors which may influence each unit differently.
In this study, we employ the Common Correlated Effects Pooled (CCEP) Estimator introduced by Pesaran (2006) . The general factor model that is used by Pesaran (2006) is as follows:
where yit is a scalar dependent variable; dt is a nx1 vector of variables that do not differ across units; xit is a kx1 vector of observed regressors which differ across units; ft is a rx1 vector of unobserved factors, which may influence each unit differently and which may be correlated with xit; εit an identically and independently distributed disturbance term. Pesaran (2006) uses the cross sectional means of the dependent variable and the explanatory variables as the proxies for the unobserved common factors. Thus, he suggests including the means of yit and xit as additional regressors to remove the effect of these factors as follows:
Pesaran (2006) showed that the parameters of this auxiliary regression which is constructed by augmenting the original regression by the cross sectional averages of the dependent and explanatory regressors can be consistently estimated by OLS. This estimator is called Common Correlated Effect (CCE) estimator. Pesaran (2006) proposes a pooled version, Common Correlated Effects Pooled Estimator (CCEP) in which the fixed effects estimator is augmented by cross-section averages of the dependent and the independent variables, which we employ in this study. 8 Kapetanios, Pesaran and Yamagata (2006) showed that this estimator is robust to a wide variety of data generating processes and has lower bias than alternative estimation methods. The results of the CCEP estimator are reported in Table 5 . The effect of real depreciation on GDP per capita is still negative and significant but somewhat smaller than the FE estimates for whole sample and developing countries. Contractionary effect of depreciation still holds for developing countries after controlling for the unobserved common factors while the coefficient of interest is again insignificant for industrial countries sample. Notes: Robust standard errors in parentheses. *significant at 10%; ** significant at 5%, *** significant at 1%. LLC and MW denotes the Levin, Lin and Chu (1994) and Maddala and Wu (1999) 
Robustness Check for Endogeneity
Equation 1 is the standard growth regression used in the growth literature. In the previous sections, we estimated the level equation, Equation 2, which is nothing more than a reparametrization of Equation 1. We constructed the panel cointegration relationships based on the time series properties of our variables. Estimation of Equation 1 including the initial income per capita as a control variable is the most common approach used in the growth literature and especially in the literature of real exchange rate and growth relationship. The standard estimators like "fixed effects" (within) estimator will be inappropriate for the estimation of this dynamic model. GMM estimators which are introduced by Holtz-Eakin, Newey, and Rosen (1988), Arellano and Bond (1991) , and Arellano and Bover (1995) are generally used as the optimal estimators in dynamic panel data models which accounts for the biases induced by the inclusion of initial income level and controls for the reverse causality and potential endogeneity of the explanatory variables. Therefore, we also employ the GMM method and estimate the growth equation by including the initial income level in order to compare our results with other studies that investigate the effects of real exchange rate on economic growth. Since the GMM estimators are developed for "small T, large N" panel data models, studies generally use the non-overlapping five year averages of the time series. This also helps to smooth business cycle fluctuations and focus on long run growth effects. Therefore, we transform our time series data into non-overlapping five year averages when conducting GMM. The initial income variable is comprised as the first observations of every five-year period.
The "first difference GMM" estimator which is developed by Arellano and Bond (1991) transforms the variables into first differences in order to omit the individual fixed effects, then use the lags of the levels of the variables as instruments. Alonso-Borrego and Arellano (1999) and Blundell and Bond (1998) show that when the explanatory variables are persistent over time, lagged levels of these variables are weak instruments for the regression equation in differences. Therefore, Arellano and Bover (1995) and Blundell and Bond (1997) introduced a "system GMM estimator" that combines the regression in differences and the regression in levels in a system. The instruments for the regression in differences are the same as above. The instruments for the regression in levels are the lagged differences of the corresponding variables. Due to the persistency in our regressors, we employ a system GMM procedure using 5-year averaged data. We chose to use orthogonal deviations transformation instead of first-difference transformation since we have unbalanced panel data. 9 Since the number of instruments increases quadratic in T, we collapsed and restricted the instruments up to three lags. We also include time dummies which partially prevents cross-country correlation.
The results of the system GMM estimations are given in Table 6 . The specification tests of Hansen and the second order serial correlation verify the validity of moment conditions and the absence of autocorrelation. The findings do not change when we control for endogeneity and reverse causation. 10 The effect of real exchange rate is still positive and significant for whole sample and developing countries sample. That is, GMM estimation results confirm the contractionary effect of depreciation in developing economies. The result for the industrial countries is also unchanged. The real exchange rate has no effect on economic growth for those economies. Among the control variables, investment becomes insignificant for all three samples when we control for the simultaneity problem. 
CONCLUSION
The empirical literature on the effect of real exchange rates on growth generally provide mixed results. Despite the contractionary effects of depreciation due to the adverse balance sheet effects in the emerging economies has emphasized by a number of studies, recent evidence seem to be supporting mostly the positive growth effects of the competitive real exchange rates. The latter generally stand on the successful experiences of China and East Asian countries which pursue an undervalued exchange rate. However, the econometric methods used in the empirical analysis can have deterministic effect on the results reached. The growth regressions used by the empirical studies on this issue generally ignore the problems that can emerge by the nonstationarity of the variables in the growth equation and the cross sectional dependency among the countries.
The results of the long run equation estimates support that the depreciation of the real exchange rate is contractionary in developing countries consistent with the balance sheet effect. Our main finding provided by fixed effects, common correlated effects and system-GMM estimations is that the depreciation of real exchange rate is contractionary for developing countries while it has not any significant effect on economic growth of industrial countries. This result is in line with the findings of Ahmed et al. (2003) , Bebzcuk et al. (2006) , Bleaney and Vargas (2009), Blecker and Razmi (2008) which provide empirical support for the contractionary effect of depreciations with GMM estimations except for Ahmed et al. (2003) . However, our result is contrary to the findings of Rodrik (2008) , Gala (2008) , Eichengreen et al. (2011) which show that undervaluation of the exchange rate is expansionary in developing countries by using GMM estimations. However, the other common point of these studies apart from employing GMM estimation is their use of Balassa-Samuelson adjusted index of undervaluation as the real exchange rate measure. Their common results of expansionary effect of devaluation for developing countries may be due to their use of undervaluation index as Woodford (2009) suggests.
